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Abstract: The purpose of this study was to investigate validity and reliability of measuring the quadriceps femoris muscle strength on the affected side in hemiplegic patients with a hand-held dynamometer(HHD)to prepare for a multi-center cooperative study. But MMT is less sensitive to detect subtle changes in progress or recovery of muscle strength than rnuscle testing with a dynamometer. In recent years, various types of instruments to measure muscle strength have become available: some are quite reliable but difficult to use in clinical and epidemiological settings, while others provide less accurate results but are easy to use. A small and easy dynamometer is suitable fOr measuring muscle strength during clinical practice with large populations. For example, although the measurements obtained with an isokinetic dynamometer are highly reliable and reproducible, it is troublesome to instal1 patients with mobility problems in the seat of the isokinetic dynamometer, especially hemiplegic patients, and to fit its cuff and belts to the extremities of the patients. Moreover, it costs a great deal and is too huge to carry about. Hand-held dynamometers(HHD)have been proposed as simple alternatives; these devices are portable, usefu1 in every clinical setting, relatively inexpensive, and easy to use. In spite of these advantages, reports on reliability and inter-rater agreement have been controversial [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , Validity and reliability of the measurements with a HHD is questionableE1-4], especially when it is applied to patients with spastic paralysis or without a standardized protocol. For example, isometric muscle strength may vary substantially, depending on the joint angle, the way a subject is stabilized in a chair, and the process used to generate fbrce(progressive vs. explosive increments). in addition, warm-up before testing may influence muscle strength, and older persons sometimes have problems in understanding the task they are asked to perfbrm. One has to confirm the validity and reliability of measurements of the quadriceps femoris muscle on the affected side in hemiplegic patients with a HHD before perfbrming an epidemiological survey, because there are few reports on hemiplegic patients in this situation. Our present study, therefore, was planned to prove that measurements of the quadriceps femoris muscle strength on the affected side in hemiplegic patients with a HHD are valid and reliable when they are based on a standardized procedure.
Measurements

Materials and Methods
Subjects were three male hemiplegic patients due to cerebral infairction, whose severity of hemiplegia was moderate(their scores of the knee extension test in Stroke Impairment As- Muscle strength of the quadriceps femoris was measured with a HHD(Power Track ll Commander TM, ZEVEX Company, Salt Lake City, USA; Fig. 1 ). The HHD consisted of a main body, pad and processor: the curved pad that was in direct contact with the subject's affected extremity was attached to the main body, the main body with the curved pad was then pressed against the extremity, and the processor The P -value of less than O,05 was regarded as significant.
Results
Measurements fbr
The When muscle strength to be measured is very great, measurements of the HHD have a tendency toward smaller values [4] . Our previous study on the HHD revealed that an examiner could not press or hold the HHD firmly against a sub- Deciding a subject's body position and regular procedures are important in attaining reliable measurements of muscle strength with the HHD. We recornmend subjects to sit on a chair with a backrest, keeping their affected hip and knee position at 900. Stabilizing the trunk, muscle strength during sitting with a backrest is 20% greater than that during sitting withoutabackrest(Test 2, Fig. 4b ). The flexion angle of the knee joint is important to improve reliability when measure with the HHD, but Qne does not need to pay much attention to the flexion angle of the knee joint while measure a hemiplegic patient, because no significant difference but only a tendency in measurements between the 90U and 600 flexed positions were fOund(Test 3, Fig. 4c ). However, we recommend to have subject's knee joint flexed at 900 during measurement, because the 900 flexed position of the knee joint had a tendency to generate higher muscle strength, The position of the lower leg against which the HHD is pressed is also important, and we usually select the anterior face of the anlcle joint, that is, the distal end of the lower leg. If the position is shifted to 7 cm proximal to the ankle, the measured muscle strength increases by 15% (Test 1, Fig. 4a ) .
When the subjects repeat an isometric muscular centraction during measurement with the HHD, the measured muscle strength is low at the first muscular contraction, and generally reaches the maximal value at the 3rd or 4th contraction in case of several time repetitions. In the case of from 8 to 10 repetitions, the measured muscle strength usually peak at the 2nd or 3rd contraction from the final muscular contraction [16], According to these facts and, considering that subjects in a future cooperative study are hemiplegic patients, we have adopted the procedure that the subjects repeat muscular contractions three tirnes during measurement and the maximal value of the three is regarded as the muscle strength obtained wnh the HHD. From the results gained by measuring the known weights and the knee extensor muscle strength on the affected side in hemiplegic patients, we consider the measurements with the HHD as valid and reliable.
However, because muscle strength is one of the unstable parameters in the rehabilitation field, based on our present and previous results[16] , we should follow the standardized procedure, that is, 1)sitting on a chair with a backrest, 2)keeping affected hip and knee at the 900 flexed position, 3) pressing the HHD firmly against the anterior face of the ankle joint, 4)measuring three times at intervals of more than one minute, 5)selecting the maximal value as the muscle strength, 6)exerting all their effbrt fbr five seconds, 7) standing in front of the subject when measuring. 
